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ABSTRACT 
 
The Disk shaped compact tension [DC(T)] test and the Indirect Tensile [IDT] creep 
compliance tests are widely used in the pavement materials community to characterize the low 
temperature fracture and creep properties of asphalt materials. The information from these tests 
enables pavement engineers to design and construct asphalt pavements that can withstand the 
stresses caused by thermal loads and underlying cracks in the field.  
This study evaluates if the DC(T) test geometry can be used to conduct a creep 
compliance test. The ability to run a creep compliance test using the DC(T) geometry will save 
time and money to various transportation agencies while affording them the same results 
obtained from running the DC(T) fracture energy test and IDT creep compliance test. 
This research has found that the DC(T) geometry can readily be used to run creep 
compliance tests on asphalt materials. The static loads applied to the DC(T) sample did not cause 
any visible damage to the asphalt sample; moreover, the fracture energy measured after creep 
testing was conducted on the sample suggests that the static loading applied to the sample does 
not affect the fracture energy of the asphalt mixture. 
Elastic simulations were used to develop a formula to calculate creep compliance for the 
creep DC(T) geometry. The power-law model was fitted to the master compliance curves to 
calculate the m-value and the master curves were compared to the master curve obtained from 
the IDT creep compliance test.   
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Chapter 1: Introduction 
1.1 Background 
The use of asphalt materials for road construction purposes in the United States of 
America can be traced back as early as 1876 (1). Asphalt has grown to become a very important 
commodity and the material of choice for pavement construction worldwide (2). 94% of over 2 
million miles of paved roads in the United States of America is surfaced with asphalt concrete 
(3). This is primarily because of its relatively low cost and shorter construction time. Although 
the core design philosophies of asphalt pavements have stayed the same, the design procedures 
of pavement structures have undergone changes through the years evolving from a purely 
empirical to a mechanistic-empirical approach (4)(5). This mechanistic-empirical pavement 
design guide (MEPDG) methodology evolved from NCHRP Project 1-37A. The MEPDG 
software generates pavement responses calculated using traffic loading, material properties and 
environmental data (6). Mechanical testing is critical in the design of asphalt pavements (7) 
because these tests yield the important material properties to be used in design methodologies 
such as the MEPDG.   
Asphalt mixtures have to be designed with care so that the asphalt pavements can meet 
functional and structural requirements. Poorly designed pavements experience premature failure 
which costs transportation departments millions of dollars in rehabilitation and reconstruction 
projects. To perform adequate design, it is important to know the failure mechanisms and 
distresses that can happen in asphalt pavements. Some of the major asphalt pavement distresses 
include fatigue cracking, thermal cracking, and reflective cracking. Fatigue cracking occurs as a 
result of repeated loading due to traffic (5). Thermal cracking is caused by the thermal stress 
developed due to sudden temperature drops coupled with aged asphalt material, and reflective 
cracking happens when there is an underlying or existing crack below the asphalt pavement and 
the differential movement of this existing crack causes the asphalt layer on top to also crack (8). 
Figure 1 shows typical thermal, reflective, and fatigue cracks that are observed in asphalt 
pavements.  
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Figure 1: Typical distresses (a) Thermal (b) Reflective (c) Fatigue (8) 
The prevention of thermal cracking is a critical issue for many transportation agencies in 
the US and Canada. Thermal cracking is a common form of pavement cracking observed in the 
northern states of US and Canada but this type of cracking has also been identified in southern 
states such as Texas and Florida. According to the Superpave mix design, this issue is addressed 
by evaluating an asphalt mixture using the Indirect Tensile (IDT) creep and strength test (9). The 
IDT creep and strength testing procedures have been adopted as AASHTO T322-07. 
Another test that is gaining popularity in the area of pavement engineering is the Disk 
Shaped Compact Tension DC(T) test. The DC(T) is a test that is conducted on asphalt concrete 
specimen to determine the low temperature fracture energy of the material. The DC(T) test 
procedures have been adopted as ASTM D7313-07. The DC(T) allows fracture energy based 
characterization of asphalt mixtures and can be used to identify mixtures that are susceptible to 
cracking in low service temperatures. If used appropriately, the IDT creep/strength and DC(T) 
tests can provide engineers with information that can aid in designing asphalt pavements that can 
delay thermal and reflective cracking and perform well in low service temperatures. 
1.2 Problem Statement 
Both the DC(T) and IDT tests give valuable and important information about asphalt 
mixtures. Results from both tests are essential for pavement engineers to design functional and 
economical pavement structure; however, running both tests requires a lot of time and material. 
It takes about six days of work to fabricate, test, and analyze the data to obtain the IDT creep 
compliance master curve and fracture energy of any given mix. The problem this thesis attempts 
to answer is if creep compliance characteristics of asphalt concrete obtained from the IDT creep 
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test can also be obtained by running a creep test on samples with the DC(T) geometry. The 
ability to obtain creep compliance by running creep test on asphalt concrete using the DC(T) 
geometry can potentially eliminate the need to run the IDT creep test. By running creep DC(T) 
and DC(T) fracture energy tests, laboratories can obtain creep compliance and fracture energies 
in half the time using half the amount of material when compared to running IDT creep and 
DC(T) fracture energy tests separately. After running the creep test on the DC(T) geometry, the 
specimen can then be used to run the DC(T) fracture energy test. This could also enable 
transportation agencies to have the capacity to evaluate the creep characteristics of asphalt 
concrete without incurring the high cost of purchasing a servo-hydraulic testing system. 
Transportation agencies can potentially perform both the DC(T) fracture energy and creep DC(T) 
tests on the same equipment which costs around $50,000.00 instead of spending more than 
$100,000.00 on two separate equipment that run DC(T) fracture energy test and IDT creep 
compliance and strength test. Figure 2 shows an illustration of creep DC(T) and DC(T) fracture 
test.  
 
Figure 2: Creep DC(T) test and DC(T) Fracture test 
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1.3 Scope and Objectives 
 The scope of this thesis is to evaluate whether or not creep characteristics of asphalt 
concrete can be accurately obtained by running a creep test using the DC(T) geometry. This 
evaluation is done by attempting to compare creep compliance values obtained using the IDT 
creep compliance test to those obtained from running the creep DC(T) test. The specimen used to 
run the creep DC(T) test will also be tested for fracture energy. These fracture energies will be 
compared with those obtained from DC(T) specimen that did not undergo creep load testing.  
The objectives of this thesis are as follows: 
1. Develop a creep load testing procedure that utilizes the DC(T) geometry  
2. Investigate load ranges that yield sufficient deformation while not causing damage 
through finite element simulations 
3. Investigate the effect the manufactured crack (notch) in the DC(T) sample has on stress 
distribution and deformation experienced while running the creep DC(T) test 
4. Evaluate whether or not running a creep test causes significant variations of fracture 
energy obtained from the same specimens 
5. Investigate if the creep DC(T) test is a viable alternative of the IDT creep compliance test 
to evaluate the creep compliance of asphalt mixtures 
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Chapter 2: Literature Review 
2.1 Disk Shaped Compact Tension Test [DC(T)] 
The DC(T) was developed to obtain the fracture energy of asphalt concrete. The 
specimen geometry was developed using the ASTM E399 standard for compact tension testing 
of metals (10, 11). The ASTM D7313-07 is the standard used to conduct the DC(T) test and 
analyze the results collected. Figure 3 shows the standard DC(T) geometry for asphalt materials.   
 
Figure 3: The DC(T) Geometry (10) 
The DC(T) test is conducted on asphalt concrete samples at low temperatures. Typically, 
it is performed at a temperature that is 10
o
C warmer than the low temperature grade of the 
asphalt binder used in the mixture; therefore, a mixture with PG64-22 asphalt binder would be 
tested at -12
o
C. However, DC(T) testing can be done at warmer or lower temperatures. The 
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DC(T) test is performed by applying tensile loading and measuring the crack mouth opening 
displacement (CMOD) using a clip-on gauge. The test is strain controlled through a constant 
CMOD rate of 1mm/min. The fracture energy is calculated by determining the area under the 
load-CMOD cure and normalizing it by the fracture area measured from the testes sample (4, 10, 
11). Figure 4 shows typical Load versus CMOD curve from the DC(T) test. 
 
Figure 4: Typical Load VS CMOD curve from DC(T) testing (4) 
Before the development of the DC(T) test, the single-edge notched beam [SE(B)] test has 
been used successfully to obtain various fracture properties of HMA over ranges of temperature 
(12-16). The SE(B) offers a stable crack growth after crack initiation and the sample size can easy 
be altered in a laboratory to ensure that the fracture mechanisms are not affected by end effects; 
however, calibration of crack propagation models to field cracking is necessary. Due to the 
geometry of the SE(B) specimen, removing the section of pavement for testing purposes may not 
be practical and could also cause excessive pavement damage (10) . Beam configurations are not 
fabricated during laboratory asphalt mixture design process thus an extra step is required to 
fabricate the specimen (4). These limitations of the SE(B) have encouraged the development of 
the DC(T) test geometry, a robust and practical geometry that can be used to obtain the fracture 
energy of HMA. Figure 5 shows the geometry and dimensions of a typical SE(B) sample  
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Figure 5: SE(B) test sample 
The semicircular bend (SCB) test has also been used to measure the fracture resistance of 
HMA (17, 18). The main advantage of the SCB test is the smallness of the specimen needed. A 
typical HMA sample that 50mm thick and 150mm diameter can yield one DC(T) specimen while 
it can yield two SCB specimens. SCB specimen have the same thickness as the DC(T) specimen 
but are semicircular. The small specimen size of the SCB geometry could potentially affect the 
result of the test. This is because the initial ligament length can create a constraint on the crack 
front because of its close proximity to the top rounded part of the specimen where high 
compressive stresses are located (4). Figure 6 shows the geometry of a typical SCB sample. 
 
 
Figure 6: SCB geometry 
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 One of the primary goals of the DC(T) geometry is to maximize the fracture area of the 
test. This helps reduce the variability of the results and makes the test more repeatable (4). 
Wagoner et al (4) sows that when compared with the SE(B), the DC(T) produces 35% less 
fracture area and the SCB produces 50% less area; yet the coefficient of variation of the DC(T) is 
shown to be within acceptable range and very close to the coefficient of variation of the SE(B). 
Another advantage of DC(T) geometry is that specimens can be easily fabricated using field 
obtained cores or from laboratory produced cores.  
2.2 Indirect Tensile (IDT) creep and strength testing 
The IDT test was developed in the early 1990s as part of the Strategic Highway Research 
Program (SHRP) at Pennsylvania State University by Roque and his co-workers (9). AASHTO 
T322 is the standard used to test and analyze IDT creep and strength results. The test is 
conducted by applying a constant compression load on a cylindrical disk-type sample and 
measuring the horizontal tensile strains caused by placing horizontal gauges in the middle of the 
sample. Vertical strains are also recorded by using vertical extensometers. The load level is 
adjusted so that the horizontal displacement of the material falls within the linear viscoelastic 
strain range. If the strains are within the linear viscoelastic range, linear theory of viscoelasticity 
can be used to characterize the stress and strain response of the material (19).  
The measurements are used to calculate Poisson’s ratio and creep compliance according 
to AASHTO T322. Creep compliance is a typical creep behavior of viscoelastic materials that 
can be obtained dividing the time-dependent strain by a constant stress (19). Figure 7 and Figure 
8 show the theoretical stress distribution on a typical IDT sample.  
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Figure 7: Theoretical Stress Distribution on Horizontal Diametrical Plane for Indirect Tensile test 
(20) 
 
Figure 8: Theoretical Stress Distribution on Vertical Diametrical Plane for Indirect Tensile test 
(20) 
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The constant stresses at the point of interest can be calculated using the above 
relationships. These stresses are then used to compute the creep compliance. The modulus values 
calculated using the strains recorded around this area of an IDT specimen under creep load have 
been correlated with stresses and strains observed on full scale pavement testing at low in-service 
temperatures (21). The key advantage of the indirect tension mode is that the failure plane is 
almost always vertical when the test is done at lower temperatures, which allows failure limits to 
be determined from measurements obtained on the failure plane (22).  
The IDT creep test is conducted on three replicates at three different temperatures. A 
master curve for the creep compliance can be constructed by using the time-temperature 
superposition. Figure 9 shows a typical creep compliance master-curve.   
 
 
Figure 9: Typical Creep Compliance Master-Curve 
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Chapter 3: Experimentation 
3.1 Testing plan 
 A detailed test plan was needed to evaluate the practicality and accuracy of the creep 
DC(T) test. An asphalt mixture was manufactured in the laboratory and cores, measuring 150mm 
in diameter and 130mm in height, were compacted using the gyratory compactor. The compacted 
specimens were fabricated in to DC(T) and IDT geometries. 
Two sets of samples with three replicates per set were prepared. One set was dedicated to 
be the control set. The control set was first tested for IDT creep and refabricated and tested for 
DC(T) fracture energy. The deformations and strains caused during the IDT creep test are very 
small (±500 micro inches) and within the linear viscoelastic range of the material; thus, the 
samples can be refabricated in to the DC(T) geometry and tested for fracture energy. The other 
set was the experimental set. This set was initially fabricated as a DC(T) specimen but without a 
notch. Once the creep DC(T) test was performed on the non-notched samples, a notch was 
placed on the samples and the test was repeated. The creep DC(T) test was performed both on 
the notched and non-notched samples so that the difference in the response of the creep load can 
be evaluated between the two different geometries. After the creep DC(T) test was completed on 
both the notched and non-notched samples, the DC(T) fracture test was performed to evaluate 
the fracture resistance of the samples. Table 1 shows the testing plan for this study.    
 
Table 1: Testing plan 
  
No. of 
samples 
Test 
Temperature 
DC(T) fracture 3 -12
0
C 
IDT creep 3 0
0
C,-12
0
C,-24
0
C 
no notch-Creep DC(T)  3 0
0
C,-12
0
C,-24
0
C 
notched-Creep DC(T) 3 0
0
C,-12
0
C,-24
0
C 
fracture on creep DC(T) 3 -12
0
C 
Total lab tests 33 
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3.2 Materials 
 A mix design with an asphalt binder of PG64-22 was used for this study. This binder 
grade was selected because it is the most used binder grade around central Illinois. The asphalt 
binder was supplied by Emulsicoat, LLC located in Urbana, Illinois.  
The aggregate types used in this study are CM16, FM20, FM02, and mineral filler (MF). 
The CM16 and FM20 are dolomitic limestone coarse and manufactured fine aggregates from 
Kankakee, IL. The FM02 is a natural fine aggregate. Table 2 shows the size distribution of these 
aggregates. Table 3 shows the aggregate blend percentage used for the mix design. Figure 10 
shows the final aggregate size distribution used for the mix design. The mixture had 5.9% binder 
content.    
Table 2: Aggregate Gradations 
Sieve Size CM16 FM20 FM02 MF 
% passing 
1"(25.0mm) 100 100 100 100 
3/4"(19.0mm) 100 100 100 100 
1/2"(12.5mm) 99.7 100 100 100 
3/8"(9.5mm) 96.5 100 100 100 
1/4"(6.25mm) 63.3 99.9 100 100 
No. 4(4.75mm) 37.6 99.2 99.8 100 
No. 8(2.36mm) 7.6 77.5 90.2 100 
No. 16(1.18mm) 3.6 45.6 65.6 100 
No. 30(600um) 2.8 25.8 40.4 100 
No. 50(300um) 2.5 15.6 12.5 100 
No. 100(150um) 2.4 11.3 2.6 95 
No. 200(75um) 2.2 8.5 1.4 90 
 
Table 3: Aggregate Blend Percentages 
Aggregate Type Blend Percentage (%) 
CM16 65.3 
FM20 23.0 
FM02 10.5 
MF 1.2 
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Figure 10: Aggregate Size Distribution for mix design 
3.3 Sample Preparation 
 DC(T) and IDT samples can be fabricated from field obtained cores as well as cores 
compacted in the laboratory using the gyratory compactor. For this study, all samples were 
fabricated using cores compacted in the laboratory. Figure 11 shows the general steps taken to 
obtain DC(T) and IDT samples.  
 
Figure 11: Specimen preparation overview 
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 Laboratory compacted cores were prepared using the mix design described previously. 
The cores measured 130mm in height and 150mm in diameter. These cores were further 
fabricated in the desired test geometry. The following sections describe the process of fabricating 
each sample type.  
3.3.1 DC(T) Sample Preparation 
 Three different fabrication machines are used to fabricate DC(T) samples. The machines 
are a masonry saw, a tile saw, and a horizontal coring unit. For precise and accurate cuts, all the 
machines are water cooled.  Figure 12 shows a picture of the units used for fabrication.   
 
Figure 12: Saws     
 (a) Masonry saw                                (b) Tile Saw                           (c) Horizontal Coring Unit 
 
The first step to produce a DC(T) sample is to obtain a 50mm disk from the lab 
compacted cores. A masonry saw is used to slice the compacted core to obtain 50mm disk. 
Figure 13 shows an illustration of obtaining the 50mm thick disk.  
 
 
Figure 13: 50mm disk from compacted cores 
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 Figure 3 shows the detailed geometry of the DC(T) specimen. A template made based on 
the sample geometry from the ASTM D7313 standard for determining the fracture energy of 
asphalt concrete was used to mark all relevant locations on the 50mm disk. A tile saw was then 
used to place a flat surface on the edge of the disk. This flat surface is necessary to mount gauge 
points that will hold clip-on gauges to measure the crack mouth opening distance (CMOD). 
Figure 14 shows an illustration of the cut on the sample made using the tile saw.  
 
Figure 14: Cut performed using Tile Saw 
The DC(T) template was used to mark the locations of the holes and the horizontal 
cutting unit is used to place the two loading holes in the sample. Figure 15 shows an illustration 
of the holes on the sample placed with the horizontal coring unit.  
 
Figure 15: Holes placed using the Horizontal Cutting Unit 
 After the loading holes are made, a notch is then cut in to the sample using the tile saw. 
The ligament length of the DC(T) specimen is 82.5mm; thus the notch had to be carefully placed 
so that it was in the middle of the two loading holes and it left 82.5mm of ligament length. 
Figure 16 shows a DC(T) sample after the notch has been cut in to the sample.   
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Figure 16: DC(T) sample after with notch 
 After the notch was placed, the samples were placed in front of a fan or in a dry 
environment to allow the samples to be dry. Once the samples were dry, the CMOD and crack 
tip opening displacement (CTOD) gauge points were placed. The CMOD gauge points were 
attached 5mm apart and the CTOD gauge points were attached 13mm apart. Figure 17 shows the 
an illustration of a DC(T) specimen with CMOD and CTOD gauge point attached.   
 
Figure 17: CMOD and CTOD gauge point locations 
An adhesive was used to hold the gauge points in place on the DC(T) sample. Sufficient time 
was allowed for the adhesive to cure in order for the gauge points to function properly.  
 
3.3.2 IDT Creep Test Sample Preparation 
The IDT creep test sample preparation is very similar to the DC(T) sample preparation. 
The IDT creep test sample is a 50mm thick asphalt concrete sample with a diameter of 150mm. 
The IDT creep test sample could readily be prepared from field obtained cores as well as 
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laboratory compacted cores. For this study, all IDT creep test samples were obtained from 
laboratory compacted cores. The cores were cut using the masonry saw in order to have a 50mm 
thick dish with smooth top and bottom surfaces. Both vertical and horizontal gauge points were 
placed on the center of the sample, 40mm apart from each other. A template made based on the 
sample geometry from the AASHTO T322 IDT Creep and Strength testing standard was used to 
aide in precise and accurate placement of the gauge points. The gauge points were placed on 
both faces of the sample. Figure 18 shows an IDT creep test sample with horizontal and vertical 
gauges.  
 
 
Figure 18: IDT Creep Sample 
3.3.3 Creep DC(T) Sample Preparation 
 The Creep DC(T) sample preparation follows the same procedures as the regular DC(T) 
sample preparation; however, the samples were initially tested without the notch in this study. 
The non-notched samples were fabricated the same way as a regular DC(T) sample but without 
placing the final notch using the tile saw. After the test was concluded, the notch was placed in 
these samples and the creep DC(T) test was repeated. Gauge points were placed 38mm apart 
from each other on both faces of the sample. The location of the gauges on the sample is shown 
in Figure 19 below.   
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Figure 19: Creep DC(T) samples   (a) notched   (b) non-notched 
3.4 Finite Element Simulations 
 Before any tests were conducted, finite element method in conjunction with a cohesive 
zone model (CZM) was used to simulate the creep DC(T) test. The objectives of conducting the 
finite element simulations were as follows: 
 To determine the area where the stress distribution along the Y axis is fairly uniform and 
the zone is relatively unaffected  by the stress concentration near the notch tip 
 To evaluate the distribution and magnitude of stress build-up inside the specimen while 
running the creep DC(T)  
 To investigate the possibility of micro-damage formation which can affect the fracture 
test results 
 To investigate the effects of the notch on stress distribution and creep deformation on the 
samples 
The elastic simulations were performed using the commercially available finite element 
software, ABAQUS, considering two-dimensional (2D) plane stress conditions. Four-nodded 
quadrilateral (Q4) elements were used to represent the asphalt mixture. In addition, 2D bi-linear 
cohesive zone elements were embedded in the model along a pre-defined crack path. Various 
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element sizes were used to develop the model; however, element sizes of 1mm × 1 mm were 
used along the horizontal diameter of the model since this was a critical region. Special care was 
taken to keep the aspect ratio close to 1 and corner angles to 90
o
 for elements in and near the 
critical region. Figure 20 shows the prepared finite element model. The models look similar to 
Figure 19.  
 
 
Figure 20: Finite element model of the creep DC(T) sample 
 All analyses were performed assuming asphalt mixture modulus of 23Gpa and Poison’s 
ratio 0.35.  A static tensile creep load of 1kN was applied for 1000 seconds. Since both models 
are symmetric, only the stress distribution and total deformation of the top half of the sample are 
presented. Figure 21shows the finite element elastic model simulation results for non-notched 
and notched samples. Note that S22 represents the stress along the Y-axis and U2 represents the 
deformation along the Y-axis. Detailed S22 and U2 results are presented in the sub sections 
below.  
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Figure 21: Non-notched and notched creep DC(T) elastic model simulation result figures 
 
 Figure 22and Figure 23 show the vertical stress distribution along the Y-axis at different 
distances from the notch tip (X-axis) for the notched and non-notched models respectively. It is 
important to note that even though only one model has a notch, the analysis points for both 
models were taken to be the same along the X-axis. Both figures show that the stress decreases 
as the analysis point moves away from the notch tip. The high magnitude of S22 observed 2mm 
away from the notch tip in Figure 22 can be attributed to the stress concentration effect due to the 
presence of the notch in the sample. The stresses observed become fairly uniform starting at X-
axis locations that 10mm or more away from the notch tip. A comparison between the two 
21 
 
figures also shows a clear difference caused by the presence of the notch. There are significant 
drops in stress seen in Figure 23 because of the absence of a notch. 
 Figure 24 and Figure 25 show the vertical deformations along the Y-axis at different 
distances from the notch tip for the notched and non-notched model respectively. The relative 
deformation in the Y-axis followed the same trend as the stress distribution. It is observed that 
the U2 of the notched model were almost three times of the non-notched model.  
 After careful observation of the simulation results, 10mm away from the notch tip was 
selected to be the location where the Epsilon extensometer would be used to collect the 
deformations. This is because the simulations showed that at this location, the stress distributions 
were uniform. The stress levels dropped too low when the location was moved further away and 
thus the deformations recorded would be too small. This location is also practical because it 
enabled the of templates already at hand for easy and precise gauge mounting.   
       
 
Figure 22: Notched creep DC(T) elastic simulation stress results 
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Figure 23: Non-notched creep DC(T) elastic simulation stress results 
 
 
Figure 24: Notched creep DC(T) elastic simulation deformation results 
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Figure 25: Non-notched creep DC(T) elastic simulation deformation results 
3.5 Testing 
All testing was performed with an Instron 8500 servo-hydraulic load frame with an 
environmental chamber capable of controlling temperature within ±0.2°C. Figure 26 shows the 
Instron load frame along with the control panel and temperature control unit used for all testing.   
 
Figure 26: Instron load frame, control panel and temperature control unit 
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The Loads were measured with a 10kN load cell. All strains and displacements were 
measured with Epsilon clip-on gauges and extensometers. All DC(T) fracture energy tests were 
conducted at -12
0
C. The creep DC(T) and IDT creep tests were conducted at 0, -12, and -24
o
C. A 
2kN static load was used for the non-notched creep DC(T) test and a 1.5kN static load was used 
for the notched creep DC(T) test. The loads used during the simulations of the test needed to be 
increased because the noise level during testing interfered with the collected deformations. By 
increasing the static load level, the deformations increased which made it easier to differentiate 
the data from noise. Figure 27 shows pictures of the tests conducted. 
 
 
Figure 27:     (A) DC(T) Fracture Energy Test      (B) IDT Creep Compliance Test                                             
(C)  Notched Creep DC(T) Test    (D)  Non-notched Creep DC(T) Test 
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Chapter 4: Results and Discussion 
4.1 Fracture Energy  
 The DC(T) fracture energy test was conducted on both the control and experimental sets 
of samples. The results of the fracture energy tests are shown below in Table 4 and Table 5. Note 
that the DELTA fracture energies are those measured using the CTOD.  
Table 4: Fracture energy of experimental set 
 
  
Fracture Energy ( J/m
2
) 
Sample 
Name 
Peak 
Load 
(kN) 
Average 
Peak Load 
(kN) 
CMOD DELTA  
CMOD average 
CoV 
(%) 
DELTA1 DELTA2 average CoV(%) 
2a 3.3 
3.4 
346.0 
371.7 9.3 
183.0 149.0 
184.7 12.6 2b 3.2 358.0 166.0 204.0 
2c 3.7 411.0 207.0 199.0 
 
 
Table 5: Fracture energy of control set 
 
  
Fracture Energy ( J/m2) 
Sample 
Name 
Peak 
Load 
(kN) 
Average 
Peak Load 
(kN) 
CMOD DELTA  
CMOD average CoV(%) DELTA1 DELTA2 average CoV(%) 
1a 3.3 
3.4 
371.0 
377.3 5.6 
198.0 161.0 
184.7 14.7 1b 3.5 360.0 152.0 188.0 
1c 3.3 401.0 228.0 181.0 
 
 The tables above show that the fracture energies for the experimental and control sets are 
very close to each other. The CoV of the experimental set is higher than the CoV of the control 
set but the value is still less than 10%, which is still shows good repeatability.  
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To better evaluate the effect of DC(T) creep testing on the material’s fracture energy, a 
two-tailed paired t-test was conducted on the two sets of data. The purpose of this statistical 
analysis is to determine if the average fracture energy of the experimental samples was 
statistically different from the average fracture energy of the control samples. The hypothesis 
assumed for the t-test was that the difference between the average fracture energies of the two 
sets of samples [(average fracture energy of experimental set) – (average fracture energy of 
control set)] is 0. The critical t-value at α/2=0.05 is 4.303 and the calculated t-value is -0.24. 
Since this is a two-tailed t-test, the absolute value of the calculated t-value and the critical t-value 
are compared to determine if the hypothesis is true or false. The absolute value of the calculated 
t-value is lower than the critical t-value; therefore, the hypothesis, stating that the difference of 
the average fracture energies of the two sets of samples is not different, is true. This shows that 
the average fracture energy of the experimental set is statistically similar to the average fracture 
energy of the control set.       
 These results shows that running creep test on the DC(T) geometry does not affect the 
fracture energy of the material. The load-CMOD curves for the two sets of samples tested are 
attached in Appendix A.     
 
4.2 IDT Creep Compliance  
 The IDT creep compliance test was conducted on the control sample. Figure 28 shows 
the power law fit of the IDT creep compliance master curve. “The power-law model was fitted to 
the master curves where D(t)=D0+D1t
m
. the parameters D0, D1, and m were determined with a 
least square fitting procedure. The m-value of the power-law is associated with the rate of creep 
deformation and stress relaxation in viscoelastic materials” (23).  The creep compliance results 
for the IDT creep compliance test conducted at 0, -12, and -24 
o
C are included in Appendix B. 
The results seen in the figure below are similar to results observed in previous tests conducted on 
the same material.  
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Figure 28: Power Law fit of Creep Compliance Master Curve 
 
4.3 DC(T) Creep Compliance  
 The DC(T) creep compliance test was conducted on notched and non-notched samples. 
The deformations on both sides of each sample were recorded using the epsilon extensometers. 
Three replicates were tested for each test temperature. The deformations from the three replicates 
tested at each temperature were averaged and compared with the averaged horizontal deflections 
measured from the IDT creep compliance tests done at the respective temperatures. Figure 29, 
Figure 30, Figure 31  show the deformations from the creep DC(T) tests and the IDT creep 
compliance test conducted at the three test temperatures. It is important to note that the creep 
load applied to each set of samples is different.  
 Although the static load applied to the notched DC(T) samples is lower than the load 
applied to the non-notched DC(T) sample, the deformations from the notched DC(T) samples are 
higher than the deformations of the non-notched DC(T) samples at all the test temperatures. This 
can be explained by the stress concentration at the notch tip caused by the presence of the notch 
in the sample. Although this higher stress concentration causes higher deformations, the micro 
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damages that may be caused at the stress tip do not affect the bulk fracture energy of the 
material.  
  
 
Figure 29: Deformations of notched DC(T), non-notched DC(T), and IDT samples at 0
o
C 
 
 
Figure 30: Deformations of notched DC(T), non-notched DC(T), and IDT samples at -12
o
C 
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Figure 31: Deformations of notched DC(T), non-notched DC(T), and IDT Samples at -24
o
C 
 
 Further analysis was done on the elastic model to establish a relationship between 
deformations, sample thickness, applied load, and creep compliance. A correction factor was 
calculated using relationship shown below in Equation 1. 
 
Equation 1: Correction factor equation 
  
    
        
 
 
Where D(t)=creep compliance 
δ(t)=displacement at time ‘t’ 
 t=sample thickness (50mm) 
 P=applied load 
 C=correction factor 
 
Table 6 shows the inputs used in the elastic simulation to aid in the calculation of the correction 
factor. 
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Table 6: Inputs for elastic simulations 
P 1000N 
δ 0.0239mm 
t 50mm 
E 1000Mpa 
 
Using the inputs in Table 6 and the relationship in Equation 1 the correction factor was 
calculated to be 0.836. Using this correction factor, Equation 2 can be was used to calculate the 
creep compliance using the displacements collected from the creep DC(T) test. It is important to 
note that this equation was developed using an elastic model with 2D finite element method and 
it should be verified through 3D simulations using viscoelastic properties. 
 
Equation 2: Creep compliance formula 
           
      
    
 
 
The calculated creep compliance values for the notched and non-notched samples at the three test 
temperatures are included in Appendix C and Appendix D respectively. 
 The Voight-Kelvin model was fit to the master curve that was constructed using the creep 
compliance values. Figure 32 shows Voight-Kelvin model fit master compliance curves for IDT, 
notched creep DC(T), and non-notched creep DC(T) creep compliance values. Figure 32 shows 
that the curve for the notched DC(T) is the highest while the curve for non-notched DC(T) is the 
lowest. The curves start out with some gap in between, but the gap decreases as the reduced time 
increases. The higher compliance in the notched DC(T) sample maybe a result of the difference 
in the testing mode since tension is applied in the creep DC(T) samples whereas indirect tension 
is induced by applying a compression load on the IDT sample. The difference in the creep 
compliance curves may also be caused because only one mix was tested and evaluated. More 
extensive testing including various mixtures needs to be done in order to investigate the 
difference in the creep compliance and also to validate the accuracy of the proposed surrogate 
test method.  
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Figure 32: Voight-Kelvin model fit of master compliance curve for creep DC(T) and IDT tests 
 
The Power-Law fitted master compliance curves and m-values for the notched creep 
DC(T), non-notched creep DC(T), and IDT tests are included in Appendix E. The m-values for 
both the creep DC(T) creep compliance curves are higher than the m-value of the IDT creep 
compliance curve.    
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Chapter 5: Summary and Conclusion 
 
 The DC(T) fracture energy test and the IDT creep compliance tests are laboratory tests 
that are widely used to characterize asphalt material properties at low in service temperatures. 
This study has proposed a way to utilize the DC(T) test geometry for creep compliance testing of 
asphalt materials. By using the DC(T) test geometry, samples can first be tested under static 
loading to determine creep compliance and then the fracture energy test can be conducted to 
determine the fracture energy of the material. The key findings of this study are listed below: 
 The DC(T) geometry can be used for creep testing with no change to the existing 
geometry 
 Static loading applied to the material during creep testing does not cause damage to the 
sample 
 The bulk fracture energy of the asphalt mixtures is not affected by the creep compliance 
test conducted prior to the fracture energy test 
 An elastic model was used in a finite element simulation to develop a formula to 
calculate creep compliance for the creep DC(T) test 
 The creep compliance values from the creep DC(T) tests and the IDT test are similar to 
each other at higher reduced times   
 The higher compliance observed in the notched creep DC(T) sample could be the result 
of difference in testing modes  
In conclusion, the creep DC(T) test is a good alternative to the IDT creep compliance test. 
Creep compliance can be calculated for the displacements measured in the creep DC(T) tests and 
master curves can also be constructed; however, extensive testing is needed to further validate 
the accuracy of the proposed surrogate test method. 
  
 
 
 
 
 
33 
 
References  
1. Roberts, F. L., P. S. Kandhal, E. R. Brown, D. -. Lee, and T. W. Kennedy . Hot Mix Asphalt 
Materials, Mixture Design, and Construction. NAPA Educational Foundation, 1996.  
2. Krishnan, J. M., and K. R. Rajagopal. Review of the use and Modeling of Bitumen from 
Ancient to Modern Times. Journal of Applied Mechanics, Vol. 56, No. 2, 2003, pp. 149-214.  
3. Huang, Y. H. Pavement Analysis and Design. Prentice-Hall, Inc, New Jersy, 1993.  
4. Wagoner, M. P. Fracture Tests for Bituminous-Aggregate Mixtures: Laboratory and Field 
Investigation Doctorate Dissertation, 2006.  
5. Ahmed, S. Fracture Characterizaton of Thin Bonded Asphalt Concrete Overlay Systems. 
Doctorate Dissertation, 2010.  
6. Baus, R. L., and N. R. Stires. Mechanistic-Emperical Pavement Design Guide 
Implementation. FHWA/SCDOT-Report No. FHWA-SC-10-01, South Carolina Department of 
Transportation, Columbia, South Carolina, 2010.  
7. Braham, A. F., W. G. Buttlar, T. R. Clyne, M. O. Marasteanu, and M. Turos. The Effect of 
Long-Term Laboratory Aging on Asphalt Concrete Fracture Energy. Proceedings of the 
Association of Asphalt, Vol. 78, 2009, pp. 417-445.  
8. Dave, E. Asphalt Pavement Aging and Temperature Dependent Properties using Functionally 
Graded Viscoelastic Model. Doctorate Dissertation, 2009.  
9. Collins, R. J., and S. K. Ciesielski. Evaluation of Indiredt Tensile Test (IDT) Procedures for 
Low-Temperature Performance of Hot Mix Asphalt. NCHRP Report-530, Transportation 
Research Board, Washington, D.C., 2004.  
10. Wagoner, M. P., W. G. Buttlar, G. H. Paulino, and P. Blankenship. Investigation of the 
Fracture Resistance of Hot-Mix Asphalt Concrete using a Disk-Shaped Compact Tension Test. 
Transportation Research Record, No. 1929, 2005, pp. 183-192.  
11. Wagoner, M. P., W. G. Buttlar, and G. H. Paulino. Disk-Shaped Compact Tension Test for 
Asphalt Concrete Fracture. Experimental Mechanics, Vol. 45, No. 3, 2005, pp. 270-277.  
12. Marasteanu, M. O., J. F. Labuz, S. Dai, and X. Li. Determining the Low Temperature 
Fracture Toughness of Asphalt Mixtures. Transportation Research Record, No. 1789, 2002, pp. 
191-199.  
13. Mobasher, B. M., M. S. Mamlou, and H. -. Lin. Evaluation of Crack Propagation Properties 
of Asphalt Mixtures. ASCE Journal of Transportation Engineering, Vol. 123, No. 5, 1997, pp. 
405-414.  
34 
 
14. Kim, K. W., and H. M. El Hussein. Variation of Fracture Toughness of Asphalt Concrete 
Under Low Temperatures. Journal of Construction and Building Materials, Vol. 11, No. 7-8, 
1997, pp. 403-411.  
15. Bhurke, A. S., E. E. Shin, and L. T. Drzal. Fracture Morphology and Fracture Toughness 
Measurement of Polymer-Modified Asphalt Concrete. Transportation Research Record, No. 
1590, 1997, pp. 23-33.  
16. Hossain, M., S. Swartz, and E. Hoque. Fracture and Tensile Characteristics of Asphalt-
Rubber Concrete. ASCE Journal of Materials in Civil Engineering, Vol. 11, No. 4, 1999, pp. 
287-294.  
17. Hofman, R., S. M. Oosterbaan, J. G. Erkens, and J. Van der Kooij. Semi-Circular Bending 
Test to Assess the Resistance Against Crack Growth. In 6
Th
 RILEM Symposium on Performance 
Testing and Evaluation of Bituminous Materials, Zurich, Switzerland, 2003, pp. 257-263.  
18. Li, X., and M. O. Marasteanu. Evaluation of the Low Temperature Fracture Resistance of 
Asphalt Mixtures using the Semi-Circular Bend Test. Journal of the Association of Asphalt 
Paving Technologists, Vol. 74, 2004, pp. 401-426.  
19. Kim, J., G. A. Sholar, and S. Kim. Determination of Accurate Creep Compliance and 
Relaxation Modulus at a Single Temperature for Viscoelastic Solids. Journal of Materials in 
Civil Engineering, Vol. 20, No. 2, 2008, pp. 147-156.  
20. Yoder, E. J., and M. W. Witczak. Principles of Pavement Design. John, Wiley, and Sons, 
1975.  
21. Roque, R., and B. E. Ruth. Materials Characterization and Response of Flexible Pavements 
at Low Temperatures. Journal of the Association of Asphalt Paving Technologists, Vol. 56, 
1987, pp. 130-167.  
22. Roque, R., and W. G. Buttlar. The Development of a Measurement and Analysis System to 
Accurately Determine Asphalt Concrete Properties using the Indirect Tensile Mode. Journal of 
the Association of Asphalt Paving Technologists, Vol. 61, 1992, pp. 304-332.  
23. Behnia, B., E. Dave, S. Ahmed, W. G. Buttlar, and H. Reis. Effects of Recycled Asphalt 
Pavement Amounts on Low-Temperature Cracking Performance of Asphalt Mixture using 
Acoustic Emissions. Journal of Transportation Research Board, Vol. 2, No. 2208, 2011, pp. 64-
71.  
 
 
 
 
35 
 
Appendix A 
 
 
Figure 33: Load-CMOD curve of experimental set 
 
 
 
Figure 34: Load-CMOD curve for control set 
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Appendix B 
 
 
Table 7: IDT Creep Compliance at 0
o
C 
Temp(C) Time(Sec) 
   Creep 
Compliance(1/GPa)  
0 1 0.059 
0 2 0.065 
0 5 0.077 
0 10 0.089 
0 20 0.104 
0 50 0.126 
0 100 0.143 
0 200 0.177 
0 500 0.242 
0 1000 0.323 
 
 
 
Table 8: IDT Creep Compliance at -12
o
C 
Temp(C) 
  
Time(Sec) 
   Creep 
Compliance(1/GPa)  
-12 1 0.05 
-12 2 0.049 
-12 5 0.049 
-12 10 0.052 
-12 20 0.057 
-12 50 0.065 
-12 100 0.071 
-12 200 0.079 
-12 500 0.091 
-12 1000 0.105 
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Table 9: IDT Creep Compliance at -24
o
C 
Temp(C) 
  
Time(Sec) 
   Creep 
Compliance(1/GPa)  
-24 1 0.03 
-24 2 0.028 
-24 5 0.028 
-24 10 0.029 
-24 20 0.031 
-24 50 0.034 
-24 100 0.04 
-24 200 0.049 
-24 500 0.056 
-24 1000 0.058 
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Appendix C 
 
 
Table 10: Notched DC(T) creep compliance at 0
o
C 
Temp(C) Time(Sec) 
   Creep 
Compliance(1/GPa)  
0 1 0.08058 
0 2 0.08962 
0 5 0.10634 
0 10 0.12342 
0 20 0.14591 
0 50 0.18814 
0 100 0.23684 
0 200 0.30095 
0 500 0.42512 
0 1000 0.58578 
 
 
 
Table 11: Notched DC(T) creep compliance at -12
o
C 
Temp(C) Time(Sec) 
   Creep 
Compliance(1/GPa)  
-12 1 0.06197 
-12 2 0.06531 
-12 5 0.07049 
-12 10 0.07657 
-12 20 0.08482 
-12 50 0.10121 
-12 100 0.11487 
-12 200 0.12641 
-12 500 0.14962 
-12 1000 0.16697 
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Table 12: Notched DC(T) creep compliance at -24
o
C 
Temp(C) Time(Sec) 
   Creep 
Compliance(1/GPa)  
-24 1 0.04781 
-24 2 0.04947 
-24 5 0.05222 
-24 10 0.05412 
-24 20 0.05734 
-24 50 0.06280 
-24 100 0.06907 
-24 200 0.07284 
-24 500 0.07915 
-24 1000 0.08194 
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Appendix D 
 
 
Table 13: Non-notched DC(T) creep compliance at 0
o
C 
Temp(C) Time(Sec) 
   Creep 
Compliance(1/GPa)  
0 1 0.08058 
0 2 0.08962 
0 5 0.10634 
0 10 0.12342 
0 20 0.14591 
0 50 0.18814 
0 100 0.23684 
0 200 0.30095 
0 500 0.42512 
0 1000 0.58578 
 
 
 
Table 14: Non-notched DC(T) creep compliance at -12
o
C 
Temp(C) Time(Sec) 
   Creep 
Compliance(1/GPa)  
-12 1 0.06197 
-12 2 0.06531 
-12 5 0.07049 
-12 10 0.07657 
-12 20 0.08482 
-12 50 0.10121 
-12 100 0.11487 
-12 200 0.12641 
-12 500 0.14962 
-12 1000 0.16697 
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Table 15: Non-notched DC(T) creep compliance at -24
o
C 
Temp(C) Time(Sec) 
   Creep 
Compliance(1/GPa)  
-24 1 0.04781 
-24 2 0.04947 
-24 5 0.05222 
-24 10 0.05412 
-24 20 0.05734 
-24 50 0.06280 
-24 100 0.06907 
-24 200 0.07284 
-24 500 0.07915 
-24 1000 0.08194 
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Appendix E 
 
 
Figure 35: Power-law fit of creep compliance master curve for creep DC(T) and IDT tests  
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